Row 
Address 




RAM 
wordlines 


ARRAY 


KitlSnAC 

r 








Column A 


amplifiers > 





Column 
Decode 




Column 
Select 


Column 
Address 






1 



Figure 1 A 
(Prior Art) 



wordline 



trans isbr 
capacitg 



03 



\7 
Storage Cell 



Figure 1 B 
(Prior Art) 



Processor 

or' 
Memory 
Controller 



DRAM 



Row Address 



Memory Core 



Sense/Restore 



RAS 



» Column Address] — H Column Amplifiers 



CAS 



Read/Wrrte 

Transmit/Receive 

Control 

Address 

Data 



Figure 2 
(Prior Art) 



< 

□c 



nj 

if== : 



< 



•ft 



< 

Q 



Ol 

o 



< < < 



P5 <<i=zit::^ 

til — k — ^ ^ ^ ^ J I Cl 



LU 
CO 

< 



5 S 



□C CO 



CO CO 

i:> 3 3 

CD CO CD 



3 3 ^ i § 

o o > o > 



LU 
O 
< 
U- 



co 

CD 



LU 
O 

if 

cc 

LU 



CD 



--:zt 



LU 
O 
< 
LI. 
CC 
LU 
I— 

CO 
CD 



LU 
O 

cn 

LU 



CO 
ID 
CD 




O 

CO 
LU 
CC 



Clock 
Cycle 


Bus- 
Enable 


Bus- 
Ctrl 


BusOata 


[8] 


[7] 


[6] [5] [4] 


[3] 


[2] 


[1] 


[0] 


OE 




START 


Op. 

[0] 


-510 523 


oo 


y////// 


^ 514 


Op, 
[3] 




1E 




OpX - 

Ml 


-516 Adr 

[26:18] 206 


10 




Op - 
[2] 


-518 Adr 
520 [35:27] 5i2S 


2E 




OpX ^ 
10] 






Count coo 
[6.4.2] ^ 










20 




u 






Count 

[7.5.3] 524 


Count 
[1:0] 528 


501 
[1:0] ^ 



500 



Figure 5 
(Prior Art) 



7|) 



702A 
BANKO 



ZQ4 

ROW DECODER 



BANK1 



lis 

COLUMN 
DECODER 



7028 
BANKO 



706 

ROW DECODER 



BANK1 



722 

1/0 AND CONTROL CIRCUITRY 



71 OA 
BANK2 



712 

■ROW DECODER 



71 6A 
BANK3 



m 

COLUMN 
DECODER 



71 OB 
BANK2 



714 

ROW DECODER 



71 6B 
BANK3 



7^ 



7 

724 



Figure 7 



TRANSMIT WAKEUP SIGNAL ON THE BUS 
CONTROL LINE 



I 



804 

TRANSMIT COMMAND CONTROL 
INFORMATION ON THE BUS CONTROL 
LINE AND DATA BUS 



806 

TRANSMIT ADDRESSES 
SERIALLY ON THE BUS 
ENABLE LINE 



m 

TRANSMIT STROBE SIGNAL 
ON THE BUS CONTROL LINE 



812 



814 

TRANSMIT DATA ON THE 
DATA BUS 



m 

TRANSMIT TERMINATE 
SIGNAL ON THE BUS 
CONTROL LINE 



Figure 8 




Figure 9 



# 



o 
O 



3 

"cS 



CO 

< 
o 

CO 

o 



-S 
o 

O 
o 

o 



o 
O 



CO 

"5 
Q 

a: 



< 
o 

o 



in. 

o 
O 



o 
U 



Q 



CO 

iS 
Q 



(CO; 

O 
O 



< 

(1) 



CO 
< 

o 

"ST 



CO 

< 
o 

CO 
0) 




CM 

o 
o 



CO 

< 
o 



< 
< 

o 



CO 

< 



o 
u 



T3 

CO 

o 



CO 

CO o 
gj CO is 



"a CO 

5 ° 



O 
O 



T3 

< 
O 

o 



-a 
■o 



o 
o 



T3 
T3 
< 
O 



m 



< 

o 
u 



T3 
< 



cn 

CO 

13 
T3 
< 



O 

o 



•a 

< 
O 

o 



XI 

■a 
< 
o 
o 



o 
o 

m 

CO 

s 

< 

o 

1 

Q 



CO 

O 

cr 



ts 

Q 



CO 
< 

CO 

o 



CO 

To 
Q 



CO 

a 



CO 

Q 



iS 
"co 
Q 
CC 



CO 

< 

TJ 

CO 

cc 



To 
O 



m 

CO 

O 



o 
O 



CO 
CO 

O 



CO 
CO 

O 



CO 



CO 

to 



8 

0) 
CO 



o 
o 

"ca 

CO 

o 



o 

CJ 



< 
< 
o 




r 



1400 



1404 







1406 r 




^v>l406 




.1402 



Figure 14 
PRIORART 



'1510 



'1508 



1520 
•1518 
1516 



'1512 



^1~1502 



^[^1504 



^~1506 



Figure 15 



Op[2] - NoByte M 



Op[3] - Best 



Op[0] - Write 



WriteOp 



Op[1]-Reg 



ReadOp 



ReadRegOp 
RegOp Rreg 



WriteRegOp 



WregB 



Wreg 



ACTION 


























ILLEGAL 


0 


0 


d 


0 




X 














MEMORY WRITE DIRECTED BYTE MASK 


0 


0 


0 


1 


















ILLEGAL 


0 


0 


1 


0 


















ILLEGAL 


0 


0 


1 


1 


















MEMORY READ DIRECTED 


0 


1 


0 


0 


X 
















MEMORY WRITE DIRECTED 


0 


1 


0 


1 




X 














REGISTER READ DIRECTED 


0 


1 


1 


0 


X 




X 


X 


X 








REGISTER WRITE DIRECTED 


0 


1 


1 


1 




X 


X 






X 


X 




ll££GAL 


1 


0 


0 


0 


















f\^MORY WRITE;BROADCAST BYTE MASK 




0 


0 


1 




X 














ILteOAL 




0 


1 


0 


















ILiEGAL 




0 


1 


1 


















ILLEGAL 




1 


0 


0 


















MiMORY WRITE BROADCAST 




1 


0 


1 




X 














ILiEGAL 




1 


1 


0 


















RiBISTER WRITE BROADCAST 




1 


1 


1 




X 


X 






X 




X 



Figure 16A 



BroadcastOp 
RsrvOp 

WriteMemByteMaskBroadcastOp 
WriteMemByteMaskDirectedOp 
WriteMemByteMaskOp 
WriteMemNoByteMaskBradcastOp 
WriteMemNoByteMaskDirectedOp 

WriteMemNoByteMaskOp 
WriteMemOp 
ReadMemDirectedOp 
ReadMemOp 
MemOp I 



ACTION 


























II 1 Er* A 1 
iLLElaAL 






















X 




ME^HORY WRITE DIRECTED BYTE MASK 


X 






X 








X 


X 








ILLESAL 






















X 




ILLEGAL 






















X 




MEilORY READ DIRECTED 


X 


X 


X 




















MEMORY WRITE DIRECTED 


X 






X 


X 


X 














ReHsTER READ DIRECTED 


























REGISTER WRITE DIRECTED 


























ILLiSAL 






















X 




MB^ORY WRITE BROADCAST BYTE MASK 


X 






X 








X 




X 




X 


ILLEGAL 






















X 




ILLEGAL 






















X 




ILLEGAL 






















X 




MEMORY WRITE BROADCAST 


X 






X 


X 




X 










X 


ILLEGAL 






















X 




REGISTER WRITE BROADCAST 
























X 



Figure 16B 



REQUEST 
ADDRESS 
DEVICE BITS 



OPCODE 1704 




1712 



OTHER 
COMMANDS 



DECODE 



T 



1708 



PERFORM 
COMMAND 



1710 



BROADCAST _^ 
COMMAND 



u 

Til 



m 
m 



REQUEST 
ADDRESS 
DEVICE BITS 



Figure 17 



1800 



DEVICE ID 



^ ^ 802 1804 



OP BROADCAST BIT 




PERFORM 
COMMAND 



Figure 18 







PRPVini 1^ 

rnuvivyuo 


NEW 




OPEN 


CLOSE 


BANK 


BANK 


ACTION 




STATE 


STATE 




0 


u 


ULUOCU 










CLOSED 


CLOSED 


NO ACTION 


1 


0 


CLOSED 


OPEN 


SENSE-CARD 


1 


1 


CLOSED 


CLOSED 


SENSE-COMMAND-PRECHARGE ■ 


0 


0 


OPEN 


OPEN 


COMMAND 


0 


1 


OPEN 


CLOSED 


COMMAND-PRECHARGE 


1 


0 


OPEN 


OPEN 


PRECHARGE-SENSE-COMMAND 




1 


OPEN 


CLOSED 


PRECHARGE-SENSE-COMMAND-PRECHARGE 



1 

J 



Figure 19 



2010 
BANKO 



2012 
BANK1 



'2014 2 016 



QUEUE 



2020 



QUEUE 



2002 
CONTROL 
CIRCUITRY 



BANK2 



BANK3 



2030 



I/O 
UNIT 



2008 



2004 
CONTROLLER 



Figure 20A 



# 



* 



2010 
BANKO 



2012 
BANK1 



'2014 2050 



QUEUE 



nj 



2020 



2002 
CONTROL 
CIRCUITRY 



BANK2 



2020 
I/O 
UNIT 



2008 



2004 
CONTROLLER 



BANK3 



Figure 20B 










NEW 




OPEN 


CLOSt 


BANK 


DMINrS 


APTIOM 




STATE 


STATE 




0 


0 


CLOSED 


CLOSED 


ILLEGAL 


0 


1 


CLOSED 


CLOSED 


NO ACTION 


1 • 


0 


CLOSED 


OPEN 


SENSE-CARD 


1 


1 


CLOSED 


CLOSED 


SENSE-COMMAND-PRECHARGE ■ 


0 


0 


OPEN 


OPEN 


COMMAND 


0 


1 


OPEN 


CLOSED 


COMMAND-PRECHARGE 


1 


0 


OPEN 


OPEN 


PRECHARGE-SENSE-COMMAND 


1 


1 


OPEN 


CLOSED 


PRECHARGE-SENSE-COMMAND-PRECHARGE 



SI i 

s ^- 



Figure 19 




2010 
BANKO 



2012 
BANK1 



1^ 



•2014 2 016 



QUEUE 



2020 



QUEUE 



2QQ£ 
CONTROL 
CIRCUITRY 



BANK2 



BANK3 



2030 
I/O 
UNIT 



2008 



2004 
CONTROLLER 



Figure 20A 




2010 
BANKO 



2012 
BANK1 



Slj 



'2014 2050 



QUEUE 



ixk 



2020 



CONTROL 
CIRCUITRY 



BANK2 



2022 



I/O 
UNIT 



/ 



2008 



2004 
CONTROLLER 



BANK3 



Figure 20B 



